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(54) Title: METHOD AND SYSTEM FOR PRECISELY POSITIONING A WAIST OF A MATERIAL-PROCESSING LASER 
BEAM TO PROCESS MICROSTRUCTURES WITHIN A LASER-PROCESSING SITE 

(57) Abstract A high-speed method and system for precisely positioning a waist of a material-processing laser beam to dynamically 
compensate for local variations in height of microsttuctures located on a plurality of objects spaced apart within a laser-processing 
site are provided In the preferred embodiment, the tmcrostructuies are a plurality of conductive lines formed on a plurality of 
memory dice of a semiconductor wafer. The system includes a focusing lens subsystem for focusing a laser beam along an optical 
axis substantially orthogonal to a plane, an x-y stage for moving the wafer in the plane, and a tint air bearing sled for moving the 
focusing lens subsystem along the optical axis. The system also includes a first controller for controlling the x-y stage based on 
reference data which represents 3-D locations of microstrucutures to be processed within the site, a second controller, and a first 
voice coil coupled to the second controller for positioning the first air bearing sled along the optical axis also based on the reference 
data. The reference data is generated by the system which includes a modulator for reducing power of the material-processing laser 
beam to obtain a probe laser beam to measure height of the semiconductor wafer at o plurality of locations about the site to obtain 
reference height data. A computer competes a reference surface based on the reference height data. A trajectory planner generates 
trajectories for the wafer and the waist of the laser beam based on the reference surface. The x-y stage and the first air bearing sled 
controilably move the wafer and me focusing lens subsystem, respectively, to precisely position the waist of the laser beam so that the 
waist substantially coincides with the 3-D locations of the microstnictures within the site. The system also includes a spot size lens 
subsystem for controlling size of the waist of the laser beam, a second air bearing sled for moving the spot size lens subsystem along 
the optical axis, a third controller for controlling the second air bearing sled, and a second voice coil coupled to the third controller 
for positioning the second air bearing sled along the optical axis. 
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METHOD AND SYSTEM FOR PRECISELY POSITIONING 
A WAIST OF A MATERIAL-PROCESSING LASER BEAM 
TO PROCESS MICROSTRUCTURES WITHIN 
A LASER-PROCESSING SITE 



5 TECHNICAL FIELD 

This invention generally relates to methods and systems for high speed 
laser processing (machining, cutting, ablating) microstructures. More specifically, 
this invention relates to methods and systems for precisely positioning a waist of a 
material-processing laser beam to process microstructures within a laser-processing 
10 site. Semiconductor memory repair is a specific application where precise 
positioning in depth of the beam waist of the laser beam is required to dynamically 
compensate for local variations in height of the wafer or target surface. 

■ 

BACKGROUND ART 

Memory Repair is a process used in the manufacture of memory 
15 integrated circuits (DRAM or SRAM) to improve the a Memory 
chips are manufactured with extra rows and columns of memory cells. During 
testing of the memory chips (while still in the wafer form), any defects found are 
noted in a database. Wafers that have defective die can be repaired by severing links 
with a pulsed laser. Systems generally utilize wafer-handling equipment that 
20 transports semiconductor wafers to the laser process machine, and obtain the 
information in the form of an associated database specifying where the links should 
be cut and performs the requisite link ablation for each wafer. 

■ 

Successive generations of DRAM exploit finer device geometry in 
order to pack more memory into smaller die. This manufacture of smaller devices 
25 affects the geometry of the links allocated for laser redundancy. As the devices get 
smaller, the links get smaller and the pitch (link-to-link spacing) shrinks as well. 
Smaller link geometry requires a smaller spot size from the laser in order to 
successfully remove selected links without affecting adjacent links, preferably with 
little if any compromise in throughput. 
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All systems focus the laser-processing beam to perform memory 
repair and require that the surface of the link be maintained within a small tolerance 
of the beam waist (focus) position with depth. When the link is in the focal plane 
of the lens, the focused spot will be minimum size. At focus or "beam waist height 0 
5 above or below nominal, the spot will be defocused with the magnitude of defocus 
increasing with distance from nominal. A defocused spot reduces the energy that is 
delivered to the target link possibly leading to insufficient cutting of the link. A 
defocused spot may also place more laser energy on adjacent links or on the 
intervening substrate leading to possible substrate damage. At some level of 
10 defocus, the laser cutting process is no longer viable. 

The allowable tolerance for relative placement of the lens and link is 
referred to as "depth of focus* (DOF). The depth of focus criteria is a function of 
the process tolerance for the particular link and laser combination. Experiments are 
typically performed over a range of operating parameters, including focus height, 
IS in order to determine the sensitivity of the laser cutting process to the parameters. 
For instance, from these experiments it might be found that the laser would reliably 
sever links when the combinations may exhibit more or less process latitude to focus 
height. 

Prior generation memory repair systems perform a focus operation 
20 once per site. As more dies are processed within a single site, the site dimensions 
get larger. This presents a problem in that the wafers seldom are flat (planar) and 
parallel to the focal plane. If focus is performed at only one point within a site, then 
the system will operate slightly out of focus at points within the site that are not near 
to the focus location. 

25 At least three factors affect the ability of a memory repair system to 

maintain the link in focus. 

1 . The process or sensor used to measure focus may exhibit errors . 
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2. The wafer may exhibit "topology" that requires different focus 
heights at different locations over the surface of the wafer. 

3. The mechanism used to provide relative motion between the wafer 
surface and focal plane may exhibit errors. 

5 . A process for compensating height variations was used in 1992 by a 

predecessor company of the assignee of the present invention (i.e. "GSI") to perform 
thin-film trimming on integrated circuits (IC) in non-wafer form. At the time, IC's 
were being packaged into sensors and then trimmed after packaging. The problem 
encountered at the time was due to the packaged die being significantly non-parallel 

10 to the surrounding package (typically pressure sensors). Incorporating a Z-Roll- 
Pitch mechanism for positioning the device in the product solved the problem at the 
time. An auto-collimator sensor was included in the optical path and used to 
measure the angle of the die surface relative to the focal plane. The angular 
information from the auto-collimator was combined with a single focus measurement 

IS to define a plane. The mechanism then moved the die in 3 axes to place the die into 
the best-fit plane compensating for Z, roll and pitch. The range of die tilting was 
sufficiently large that it was often necessary to perform iterative corrections to 
properly focus the die. After mating an adjustment in Z, roll and pitch, a second 
set of focus and tilt measurements was made followed by a subsequent (smaller) 

» 

20 focus and tilt correction. 

One problem of this approach is that the auto-collimator worked best 
when it could be directed at a large "planar" object. With pressure sensors, it was 
often possible to define a large region that lacked surface features in order to use as 
an auto-collimator target. It would not be possible to find such a region on a typical 
25 IC found in memory repair applications. 

In 1994, GSI developed a different approach to handle thin-film 
trimming on "tilted die." The problem was again due to trimming on packaged IC 
(pressure sensors). In this case, the specifics of the customer's device precluded the 
use of a tilting Z-stage. A single Z-axis stage was used in the product and the Z- 
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stage was moved in coordination with X and Y positioning of the laser beam. Also, 
the absence of suitable target structures for the auto-collimator on certain customer's 
devices forced GSI to develop the multi-site focus algorithm. Height measurements 
were obtained using a sensor that obtained a sequence of measurements along the z- 
5 axis from which the position of best focus was correlated to surface position - a 
prior art method known as "depth from focus". The process was repeated at 3 non- 
collinear locations. A best-fit plane (exact in the case of 3 points) was used to 
coordinate the movement of the device that was mounted to the Z-stage. 

Prior art laser-based, dynamic focus techniques and/or associated 
10 "depth from focus" are widely used over a range of scales and at various operating 

speeds. Exemplary systems operating at a microscopic scale are disclosed in US 

patents 5,690,785, 4,710,908, 5,783,814, and 5,594,235, and selected pages of 
- Chapter 7 entitled "Optics for Data Storage" in the book "Laser Beam Scanning" by 

Marcel Dekker, Inc. , 1985. A desirable improvement in the memory processing or 
15 the processing of other microstructures would provide capability to generate and 

apply industry-leading small spot sizes to the applications with improved throughput. 

In turn, an unproved figure of merit for resolution and speed in the presence of local 

depth variations which substantially exceed the DOF associated with the small spot 

sizes. 

20 DISCLOSURE OF INVENTION 

An object of the present invention is to provide a high-speed method 
and system for precisely positioning a waist of a material-processing laser beam to 
process microstructures within a laser-processing site. 

It is an object of the invention to provide a method and system for 
25 high-speed laser processing of microstructures on a surface having three-dimensional 
coordinates wherein the surface has substantial local warpage, wedge, or other 
variations in depth. The variations introduce a requirement for high speed, 3- 
dimensional relative motion of the target and laser beam, within a die site for 
example, so as to dynamically and accurately position the beam waist. The beam 
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waist, which may be less than 1 urn in depth, is to substantially coincide with the 3D 
location of the micros tructure. 

It is an object of the invention to provide an improved 
"speed-resolution product" in 3 dimensions - where the control system for the wafer 
S movement preferably provides movement in 2 directions, and the high precision lens 
actuator provides beam focusing (e.g.: positioning of the beam waist) action in the 
third dimension. 

It is an object of the invention to reduce the alignment time of the 
process by estimating a surface which is used to define a trajectory thereby 
10 eliminating or minimizing any requirement for die-by-<Iie alignment or die-by-die 
focus measurements. 

It is an object of the invention to maintain the correct focus height 
(i.e. : beam waist position) over the entire site (i.e.: several dice of a wafer), thereby 
improving over prior art focus solutions capable of only maintaining focus at 

IS locations adjacent to the focus location. 

» 

It is an object of the invention is to process dice on a wafer with a 
single "site." The field size may allow as many as six or eight 64M DRAM dice to 
be processed at one time. This process is called multi-die align (MD A). The use 
of MD A affords a significant throughput improvement by reducing the number of 
20 alignment operations required to process the wafer from 1-per die to 1-per site. The 
prior art alignment operations may require roughly the same amount of time to 
perform as link cutting for a single die. 

In carrying out the above objects and other objects of the present 
invention, a method for precisely positioning a waist of a material-processing laser 
25 beam to dynamically compensate for local variations in height of microstructures 
located on a plurality of objects spaced apart within a laser-processing site is 
provided. The method inrlwH providing reference data which represents 3-D 
locations of microstructures to be processed within the site, positioning the waist of 
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the laser beam along an optical axis based on the reference data, and positioning the 
objects in a plane based on the reference data so that the waist of the laser beam 
substantially coincides with the 3-D locations of the microstructures within the site. 

Hie objects may be semiconductor dice of a semiconductor wafer 
5 wherein the microstructures are conductive metal lines of the dice. 

The objects may be semiconductor memory devices. 

The step of providing may include the step of measuring height of the 
semiconductor wafer at a plurality of locations about the site to obtain reference 
height data. The step of providing may further include the steps of computing a 
10 reference surface based on the reference height data and generating trajectories for 
the wafer and the waist of the laser beam based on the reference surface. 

The reference surface may be planar or non-planar. 

The method may further include varying size of the waist of the laser 
beam about the optical axis. 

15 The step of providing may include the steps of reducing power of the 

material-processing laser beam to obtain a probe laser beam and utilizing the probe 
laser beam to perform the step of measuring. 

Further in carrying out the above objects and other objects of the 
present invention, a system for precisely positioning a waist of a material-processing 

20 laser beam to dynamically compensate for local variations in height of 
microstructures located on a plurality of objects spaced apart within a laser- 
processing site is provided. The system includes a focusing lens subsystem for 
focusing a laser beam along an optical axis, a first actuator for moving the objects 
in a plane, and a second actuator for moving the focusing lens subsystem along the 

25 optical axis. The system further includes a first controller for controlling the first 
actuator based on reference data which represents 3-D locations of microstructures 
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to be processed within the site, and a second controller for controlling of the second 
actuator also based on the reference data. The first and second actuators controllably 
move the objects and the focusing lens subsystem, respectively, to precisely position 
the waist of the laser beam and the objects so that the waist substantially coincides 
5 with the 3-D locations of the microstructures within the site. 

A support supports the second actuator and the focusing lens 
subsystem for movement along the optical axis. 

The system may further include a spot size lens subsystem for 
controlling size of die waist of the laser beam, a third actuator for moving the spot 
10 size lens subsystem wherein the support also supports the spot size lens subsystem 
and the third actuator for movement along die optical axis , and a third controller for 
controlling the third actuator. 

The first actuator may be an x-y stage. 

The second and third actuators may be air bearing sleds for supporting 
IS the focusing lens subsystem and the spot size lens subsystem, respectively, both 
mounted for sliding movement on the support. 

A voice coil is coupled to its respective controller for positioning its 
air bearing sled along the optical axis. 

The system may further include a position sensor such as a capacitive 
20 feedback sensor for sensing position of the focusing lens subsystem and providing 
a position feedback signal to the second controller. 

The laser beam may be a Gaussian laser beam. 

The system may further include a trajectory planner coupled to the 
first and second controllers for generating trajectories for the wafer and the waist of 
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the laser beam. At least one of the trajectories may have an acceleration/deceleration 
profile. 



The system may further include a modulator for reducing power of 
the material-processing laser beam to obtain a probe laser beam to measure height 
of the semiconductor wafer at a plurality of locations about the site to obtain 

* 

reference height data. The system may include a computer for computing a 
reference surface based on the reference height data wherein the trajectory planner 
generates the trajectories based on the reference surface which may be planar or non- 
planar. 
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The invention improves upon the prior art by including two steps: 



15 



20 



25 



1 . Height measurements are performed at multiple (typically 4 or more) 
points surrounding the die site. 

2. The focus (beam waist) height is adjusted as the laser beam is 
positioned within the site so as to maintain best focus throughout the 

> 

site based on fitting a surface to multiple height measurements. 

A method for high speed laser processing of micro-structures having 
three dimensional coordinates includes the steps of: 

Selecting a plurality of reference locations on a surface from which height 
data is to be obtained, obtaining height coordinates at the plurality of 
reference locations separate from but in proximity to micro-structures, 
estimating three dimensional locations of micro-structures from the 
coordinates of the reference locations, generating a trajectory adapted to 
position micro-structures relative to a location defining a laser processing 
beam axis, determining the position of an optical component disposed in 
of the laser processing beam such dial the corresponding position of the t 
waist of the focused laser processing beam will substantially coincide with 
a coordinate of a micro-structure when the micro-structure is positioned to 
intersect the active laser processing beam, inducing relative movement 
between micro-structures and the location of a laser processing beam while 

-8- 
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coordinating the movement of the optical element in the path of the laser 
processing beam to dynamically adjust the position of the beam waist of the 
processing laser beam whereby the location of the beam waist substantially 
coincides with a coordinate of the micro-structure when it intersects the laser 
5 processing beam, providing a laser processing beam pulse to process the 

microstnicture while relative movement is occurring between the micro- 
structures and the laser processing beam. 

The height information will preferably be obtained from the same 
laser and optical path used for processing, but with reduced power (with a modulator 
10 used to reduce the power and avoid damage to the surface). 

Alternatively, a separate tool may be used to measure the height of 
the surface at reference locations. 

In a construction of the invention, the estimated surface location may 
be computed from a planar fit, higher order surface fit, through bilinear 
15 interpolation. 

■ 

A straight line approximation may be used for micro-structures 
located in a row. 

The preferred optical system has capability for both spot size selection 
and focus control. 

20 The optical focusing system is preferably mounted on an air bearing 

sled. 

In a preferred system, spot size adjustment is provided with zoom 
elements mounted on an air bearing sled which independently adjusts spot size. 

In a preferred system a high precision voice coD motor is mounted to 
25 the optical box and operatively connected to the air bearing sled. 
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In a preferred system, the position of the focusing optical system is 
monitored with a high band width position sensor, such as a capacitive feedback 
sensor. 

In a preferred construction the positioning of the lens or optical 
element provides Z-axis resolution of about . 1 urn with a half power bandwidth of 
about 150 Hz. 

In a preferred construction of the present invention, the maximum 
velocity of the wafer movement stage during processing is in the range of about 50- 
150 mm/sec. 



10 The preferred range of movement of the optical element corresponds 

to about 3 mm movement range of the beam waist along the Z direction. 



In a construction of the invention, the response of the actuator 
controlling the beam waist position can correspond to an incremental change in depth 
within a duration of about .03 msec. 



15 A numerical offset may be introduced to compensate for the thickness 

of overlying passivation layers covering the micro-structure, or other offsets with 
respect to the reference surface. 



20 



The spot size at die three-dimensional coordinate of the microstructure 
is preferably within 10% of the diffraction limited (smallest) spot size after relative 
movement of an optical element. 



The energy enclosure at the three-dimensional coordinate of the 
microstructure preferably exceeds 95% size after relative movement of an optical 
element. 



25 



The peak energy of the processing laser spot will preferably exceed 
90% of the maximum peak energy. 
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Hie laser beam may be substantially Gaussian and TEMOO. 

The z coordinate of the beam waist is preferably dynamically adjusted 
and follows a computed surface, such as a plane. The corresponding change in depth 
between any two structures, including adjacent structures in a row of 
5 micro structures, may exceed the Z-axis resolution of the optical system positioner 
within a die. 

The z coordinate of the beam waist is preferably dynamically adjusted 
and follows a computed surface, such as a plane. The corresponding change in 
depth between any two structures, including adjacent die on the wafer, may exceed 
10 the DOF of the laser beam. 

A dimension of a microstructure may be less than the wavelength of 
the laser, for example: .8 /un width, 6 pm length, 1 pm thickness spaced apart by 
about 1.5 /im- 3 /im from center-to-center. 

The tolerable DOF of the laser beam may be on the order of or less 
15 than 1 wavelength of the laser processing beam. 

The tolerable DOF of the laser beam may be less than 1 um. 

The optical element may be moving the position of the beam waist in 
response to a continuous motion signal while the laser processing of the 
microstructure is occurring. 

20 The optical element may be moving the position of the beam waist 

during the relative motion of the laser and micro-structures. 

The relative motion of the lens may be constant, or may have 
acceleration/deceleration profiles provided by a trajectory planner. 
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A system of the present invention is able to operate with smaller spot 
sizes (which require better focus control) and thereby process devices with smaller 
geometry than prior memory repair systems due in part to superior focus control. 

Dynamic Focus allows a system of the present invention to adapt to 
5 the non-parallel and non-planar topology that is typically found on real wafers and 
m aintain acceptable focus over the foil extent of a die site. 

The method and system of the present invention is to be 
advantageously applied to semiconductor memory repair. However, it will be 
apparent that the present invention is also advantageous for microscopic laser 
10 processing applications where the depth of focus is small compared to the local 
height variations in the surface, and where the laser processing is to occur at high 
speed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGURE 1 is a schematic block diagram showing a prior art system 
IS for semiconductor memory repair; 

FIGURE 2 is a detailed schematic block diagram of a memory repair 
system in accordance with the present invention showing the major sub-systems; 

FIGURE 3 is a schematic block diagram, similar to the diagram of 
Figure 1 , of the optical subsystem of the present invention showing the interaction 
20 with control systems used for wafer processing, including the trajectory generation 
subsystem; 

FIGURE 4 is an exemplary illustration showing a wafer processing 
site comprising several die and associated regions where reference regions are 
located to define a reference surface; 
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FIGURE 5 illustrates a preferred coordinate system used for 
transformations to specify the location of a laser beam relative to a processing site 
in a laser processing system utilizing a precision positioning system; 

FIGURE 6 is an illustration of the process of fitting a plane with 
5 bilinear interpolation; 

FIGURE 7a is a graph showing the available depth of focus (and DOF 
tolerance) as a function of spot size consistent with the requirements of link 
. processing; 

FIGURE 7b is a schematic diagram illustrating the diameter of a 
10 Gaussian laser beam prior to, at and after its minimum spot size; 

FIGURES 8a-8c illustrate the assembly details and operation of the 
high-speed lens positioning system used for adjusting the beam waist (focus) position 
between adjacent links to be processed; 

FIGURE 9 illustrates details of a preferred lens arrangement and 
15 positioning system advantageous for use in practicing the present invention; 

FIGURE 10a is a schematic view of links of dice to be processed 
within a die site; and 

FIGURE 10b is a schematic view of motion segment types generated 
by the system of the present invention. 

20 BEST MODE FOR CARRYING OUT THE INVENTION 

A preferred system of the present invention is shown in Figure 2. A 
wafer 4 is positioned within the laser processing system 110 and database 
information from the user interface 11 is provided to identify the links (33 in Figure 
4) on the wafer which are to be ablated to repair defective memory cells. 
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Referring to Figure 3, wafers exhibit wedge 28 a plane that is 
tilted with respect to the focal plane) and non-planar topology 281 which requires 
compensation. The wedge 28 and local curvature 281 are exaggerated in scale for 
the purpose of illustration. Based upon the specified locations of the defective cells 
5 regions are identified on the wafer (33 in Figure 4) in reference height data is to be 
obtained. Such locations may be "bare wafer" regions that have little surface texture 
or other suitably defined regions that are generally selected to match the imaging and 
processing capabilities of the measurement sensor. Typically depth information will 
be obtained using a "depth from focus" algorithm, and may be obtained using the 

10 laser operated with lower incident power resulting through operation of the 
modulator 2. A reference surface is defined from the surface height information 
through mathematical techniques for surface fitting. The ideal wafer surface (one that 
does not require compensation) is a plane that is parallel to the focal plane of the 
optical system 5, but slight non-orthogonality of the x, y system relative to the 

IS optical axis and/or surface variations produce significant height deviations 28. 

Referring again to Figure 2, the computed reference surface is used 
by the trajectory planner 12 and a DSP based controller 15, 16 in conjunction with 
motion stage 6, 7 f 26 calibration to define motion segments for the trajectory 
generator which are executed and coordinated with laser 1, focusing optics 24, and 
20 x f y stages 6, 7 operation to ablate links. This operation includes control of x, y 
motion with preferred high speed precision stages 6, 7 and simultaneous positioning 
of optical elements 24 to position the beam waist 5 of processing laser 1 to coincide 
with a coordinate of the link 33 when the laser is pulsed. 

All memory repair systems include some dynamic mechanism to 
25 provide relative motion between the wafer surface and the focal plane. In some 
cases , this may involve controlling the height of the wafer 4 relative to a fixed height 
optical path 3 as shown in Figure 1 by movement 9 along the z-axis. Alternatively 
the motion 9 may utilize movement of the lens 3 in a "stepwise* manner to coincide 
with a location in depth derived from focus data from a die of site. 
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With the present invention the overall height of the wafer remains 
constant and the final objective lens height is controlled by a linear servo mechanism 
22,23 and controller 14, 17. The positioning of the lens or optical element with a 
preferred arrangement using a precision positioning system 22-27 for Z axis 
movement provides Z-axis resolution of about .1 urn or finer with a 3DB "small 
signal" bandwidth of about ISO Hz, over a typical maximum range of movement of 
about 3 mm. 



10 



The following description provides additional detail for operation and 
construction of the preferred system of the invention. However, die embodiment and 
variations described below is intended to be illustrative rather than restrictive etc. 



Selecting Reference Regions and Obtaining Data 

A system for link blowing will generally require processing (le. laser 
ablation) of a subset 33 of a large number of links 34 on a wafer. The information 
which defines the links to be processed is provided to a control program. The 
IS program in turn will define a set of reference locations 32 surrounding a number of 
die 35 to be processed - i.e. a "site". The locations will generally include a 
sufficient number of points to accurately define a trajectory to be followed by the 
wafer and lens system based upon commands generated for motion system control. 



At each reference location height or "focus position" is measured 
20 using an auto-focus or more precisely a "depth from focus" sensor. In a preferred 
system scans occur over a fixed x, y location target while continually adjusting the 
beam waist position over a range of heights (z-axis positions). The contrast in each 
scan is recorded at each height. When the laser is in best focus, the contrast in the 
scan will be maximized. Errors occur in the auto-focus routine due to random 
25 fluctuations in the laser during the scan and mechanical vibrations in the system. 
The high power processing beam may be used if the modulator 2 is used to control 
the power delivered to die surface. 
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The reference information and computed surface provide exact 
compensation for planar topology 28 that is either parallel or non-parallel to the focal 
plane. In the case of parallel and planar topology, die dynamic focus method of the 
present invention is an improvement over prior art. Multiple reference sites 32 
5 provide "best estimates* of a surface and improved measurement and statistical 
confidence in the presence of sensor noise and mechanism errors. 

For non-planar topology (ex: convex or concave surfaces), the 
Dynamic Focus method of the present invention is an improvement, though still non- 
ideal solution. With non-planar topology 281, as illustrated in Figures 1 and 3, a 

10 satisfactory participation will typically be a best-fit plane. A plane can closely 
approximate many surface shapes as long as the minimum radii of curvature of the 
actual surface is large (recognize that a plane is a curve with infinite radius of 
curvature). For typical wafer surfaces, the best-fit plane approximation is sufficient 
to compensate for the majority of wafer topology with residual errors (deviation 

IS from best-fit plane) comparable to the other error sources listed earlier. 

The dynamic focus method and system of the present invention can 
be used in a variety of modes based on the form of topology that is assumed. 

Mode 0: Dynamic Focus will function similar to typical prior focus 
systems when operated in Mode 0. A single focus measurement is made at one 
20 location, for example a die within a die-site, and a parallel plane is assumed for all 
locations within the site. Dynamic Focus offers no advantage over conventional 
solutions when operated in this manner. 

Mode 1: Making multiple focus measurements around the die site and 
using the average focus height as the parallel plane can make a slight improvement 
25 over Mode 0. This is referred to as Mode 1. There would be little reason to use 
this mode unless there were a good reason to believe that the actual wafer topology 
is indeed a parallel plane and that the largest focus error to be corrected is due to 
focus. 
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Mode 2: Two non-collocated focus measurements can be used to fit 
a tilted plane that contains the 2 measured focus heights, but is otherwise parallel to 
the focal plane. Specifically, a line perpendicular to the line containing the 2 focus 
measurements is parallel to the focal plane. This mode is best considered as a 
degenerate case of the subsequent modes. 



Mode 3: Three non-collinear focus measurements are the minimum 
number necessary to describe a best-fit plane for the die-site. This is a substantial 
improvement over Modes 0-2 as long as wafer topology is a larger source of error 
than focus measurement (generally the case). 



10 Mode 4: Refer to Figures 4 and 6. Four non-collocated and non- 

collinear focus measurements (generally taken at the 4 corners of a die-site) provide 
a further improvement over Mode 3 in the presence of non-zero measurement error. 
If there is reason to believe that focus measurement contributes more error than the 
best-fit plane assumption, then the 4 measurements can be used to solve for the best- 

15 fit plane. In this case, the 4* measurement is providing a slight bit of averaging to 
the other 3 measurements to help reduce errors due to focus measure 



■Ml -Ml 



20 



Referring now to Figures 1 and 6. If wafer topology 4 is believed to 
be a larger source of error than height measurement, then the 4 measurements 32 can 
be used to construct a "twisted plane. " A twisted plane is a bi-linear interpolation 
of the 4 height measurements. A bi-linear interpolation produces the height 
measurements exactly when evaluated at the focus reference sites and smoothly 
interpolates between the measurements at all other points. 



equation: 



waist position at a point x,y within the site is given by the 



Z = Xg* Yg • ZO 0 + Xf ■ Yg • Zl 0 + 
% Yf -Z11+ XgYj 'Z01 



25 wherein: 
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X-XO 



Y-YO 



Xf = 



x\-xo 



Xg=\-Xf 



n-YO 



Yg=\-Yf 




of least squares fitting of additional reference points may improve the results. 
Further, if advantageous, additional data may be collected and used to fit a higher 
order quadratic or cubic surface. For a given laser processing application the number 
5 of samples and the choice of reference surface generally depend upon the maximum 
rate of change expected over the region to be sampled. 



and beam waist position 5 with a motion system 6, 7, 17 and associated DSP based 
10 controller 16. Included as part of the present invention is a high-speed precision 
actuator 22, 23 for the lens system 24, 25. The trajectory planner integrates 
information from the user interface and alignment system 11 that is used to define 
the position of the laser relative to the targets (the latter typically mounted on a 
precision stage, for instance, a wafer stage) in a coordinate system. From the 
15 database the information is derived, resulting in a "link map", die selection, and 
other pertinent data regarding the memory repair operation. 



20 micron, over a maimmm range of travel of about 300 mm or more, corresponds to 
the entire area of a modern wafer. Processing or "cutting speeds" exceeding 50 
nun/sec. are advantageous. Also, the above-noted copending utility patent 
application entided -Precision Positioning Apparatus," (now allowed) and 
incorporated by reference describes details of a preferred wafer positioning system. 




A "trajectory planner" 12 is utilized to plan the path of the wafer 4 




-18- 



WO 01/87534 



PCT/US0M5552 




generation will include a relative coordinate system organized as illustrated in Figure 



World. The world frame is attached to the machine base. The origin is 
located at the midpoint between the two X,Y motion encoder read heads fixed to the 
base, and its Y axis passes through the center of each read head. 

Beam. The beam frame is attached to the optics box 18. The origin is 
10 located at the center of the focused laser spot. 

Stage. Attached to the wafer stage 6,7. It is coincident with the world frame 
when the stage is at the wafer load position (lift pin holes aligned with lift pins). 

Device. This frame, abbreviated as M dev w , is attached to the wafer stage. 
Preferably beam motion is always commanded relative to the device frame. The 
15 device frame is arbitrarily defined by the user, to correct for die alignment, for 
example. The transformation from stage to device frame is a six-parameter linear 
transform, not a rigid-body one. For this reason the device frame is deliberately 
show as a distorted frame. 

The kinematic transformation relates the frames. A system definition 
20 which specifies the motion at the path of the laser beam 5 with respect to a user 
defined device coordinate system is a convenient architecture as related to link 
blowing, though other applications may vary from such an architecture. In general, 
the transformation T in Figure 5 relating stage coordinates to the device frame is a 
six parameter linear transformation as opposed to a rigid body. Those skilled in the 
25 art of motion control, particularly as implemented in multi-axis robotic systems, will 
recognize and be familiar with concepts and conventions of reference (coordinate) 
frames and coordinate transforms. In a preferred implementation a calibration step 




" 44 coordinates, as 



5 
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is included for all the motion stages which will result in data which is used in 
subsequent coordinate transformations {e.g. translation, rotation, scaling) to 
accurately relate all the coordinate systems and mathematical transforms. 

In operation, beam focus position 5 is adjusted "on the fly* to 
5 preferably position the central portion (minimum width) 62 of the focused Gaussian 
laser beam 5 to coincide with the link to be processed. The focus subsystem 90, 
which is shown in Figure 8-9 and will be described in more detail later, preferably 
includes a high performance linear voice coil motor and associated circuitry 22, 23 
mounted to the optical sub-system. To position die beam waist the surface generated 
10 from the reference data provides the required coordinate information. In a preferred 
embodiment the resultant heights are constructed in the u stage n coordinate frame 42 
because the "device" frame 43 will be altered after focus correction by subsequent 
die alignment. However, those skilled in the art will recognize that many variations 
can exist dependent upon specific application requirements. 

15 Positioning the Optical Components 

The precision lens system 24 , 84 will be positioned so the beam waist 
5, 62 at the intersection of the link so that the link 33 is severed without damage to 
adjacent structures by die laser. The relative movement may be on the order of 1 
micron or finer between adjacent links, with peak to peak movement of perhaps tens 

20 of microns over the wafer at the preferred processing speeds. In a preferred system 
the optics will provide programmable spot size control with lens system 25,85 in 
addition to focus (beam waist) control. Those skilled in the art of laser beam 
manipulation will appreciate the tolerances required for positioning in such a way to 
enclose nearly all of the laser energy within the link area, corresponding to a small 

25 fractional loss of peak energy at the center of the beam. Figure 7a illustrates the 
depth of focus (for specific DOF tolerances) for an ideal focused Gaussian beam 
laser having a wavelength of 1.047 urn. The DOF depends upon the lens numerical 
aperture, laser wavelength, and is affected by beam truncation and other factors. 
Sub-micron tolerances are present, and the link sizes encountered in present link 

30 blowing systems are less than 1 fxax in a dimension, for example, .5 /im wide and 6 
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/im length on center-to-center spacings of about 1.5 * 3 ^m. Graph 65 is 
representative of requirements for state of the art memory repair systems. If total 
spot size growth of only 5% is required to ablate the link the total DOF is about 1 
urn, or ± .5 urn relative to the position of best focus, for example. A standard DOF 
5 criteria (often used) of 40% is not acceptable for link blowing applications. 

Figure 9 shows optical details of a preferred direct, unleveraged lens 
system. The input beam 91 is nominally collimated and the voice coil 23 maintains 
the laser spot in the calculated target field as determined by the trajectory planner 
12. The objective 24 translates on an air bearing sled 26. The preferred embodiment 
10 has the advantage of a common, precision optical axis for both spot size change and 
rapid focus adjustment. The zoom beam expander 25 is optically compensated to 
maintain the collimation with spot size change, and a small residual error is 
accommodated with the dynamic focus objective 24. 



The relationship between the depth of the beam waist and the position 
15 of the link is computed via the trajectory planner 12. Given a detailed prescription 
of the lens surface positions, indices of refraction those skilled in the art can make 
use of standard ray trace methods for Gaussian laser beams to calculate the change 
in depth of the beam waist as a function of the translation of the focusing assembly . 

Figures 8a-8c show in detail a preferred construction of the opto- 
20 mechanical system of the present invention in the form of an assembly drawing. A 
precision V-block assembly 81 is used for the z-axis dynamic focus assembly. The 
air bearing sleds 83 are used for positioning both the objective lens 84 and zoom lens 
85, and is advantageous for overcoming limitations in accuracy and reliability. The 
use of hard bearings would be problematic at the fine scale of movement (within 
25 DOF tolerance - < . 1 urn increments) and at the relatively high frequency (typically 
100-250 Hz ). In addition to noise and reliability issues (ie: wearing mechanical 
parts) X,Y displacements during Z axis motion are much better controlled or 
eliminated with the air bearing system. Such displacements, even if a fraction of a 
micron, can lead to link severing results which are incomplete (ie: contamination) 
30 or possibly damage surrounding structures. The assembly step corresponding to 89 
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depicts the air bearing sleds within the v-block 81. Two independent voice coils 86 
are used to position objective lens 84 and zoom telescope 85, with the zoom 
adjustment typically much less frequent. The diagram depicts the stators with a 
hollow (cut-out) region which allows for transmission of the processing beam 
5 through the system. The overall assembly 81 can be adjusted with hold down 
magnets to compensate for static offsets (e.g. pitch, roll). 

Included with die z-axis optical assembly is a precision position 
sensing system 22,23 with signals derived from a digital to analog converter, for 
instance a 16 bit device. The trajectory planner, which generates digital position data 

10 used by the motion system, is operatively connected to the DAC. The position sensor 
may be a capacitive feedback sensor which are commonly used with precision low 
inertia scanners (galvanometers) as described in Laser Beam Scanning , pp. 247-250, 
1985, Marcel Dekker Inc. Other types of position sensors may also be used, for 
instance LVDTs (linear variable differential transformers) or precision linear 

15 encoders provided the requirements for low noise, high stability, and reliability are 
met. 

In typical operation die preferred system has a range of travel of about 
3 mm, a 3db (small signal bandwidth) of about 250 Hz, and precision (repeatability) 
of about 46 urn (.046 urn). The 250 Hz bandwidth corresponds to a small signal rise 

20 time of about 1 msec. Improved results could potentially be achieved, for instance 
with a higher precision DAC. However, it is advantageous to operate the system in 
the approximate specified range because servo performance is important, and 
operation at a much higher bandwidth and associated high frequency noise could 
introduce performance limitations. As a threshold for performance this unit produces 

25 a significantly higher u speed - accuracy product" than what can be provided with z 
(wafer) stage movement, and is well adapted to follow a planar surface trajectory 
with precision within about one-tenth the tolerable DOF, with comparable x,y 
pointing stability. 

It should be noted that this precision optical system 22-27 is also 
30 advantageous for obtaining the reference data, thereby eliminating any error in 
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registration between a "probe" beam and tie "processing" beam 9. Id die preferred 
embodiment a modulator 2, typically an acous to-optic device or Pockels cell, is used 
to produce a low power beam for the focus measurements at the reference locations 
using the "depth of focus" procedure earlier described. 

5 Relative Motion and Profiles 

When the three-dimensional coordinates of the laser beam and links 
to be processed are determined, a motion control program utilizes a trajectory 
generator 12 to efficiently process the target structures. Referring to Figures 10a 
and 10b, in a preferred system the acceleration and velocity profiles are associated 
10 with the following "motion segment" types: 

1. PVT (PositionA^elocity/Time) segnient 110. It is used to accelerate 
to a desired position and velocity. The time required to traverse this 
segment is optional; if not specified, the minimum time is computed. 

2. CVD (Constanl-Velocity/Distance) segment 111. This type has only 
a single scalar specification: path length of the segment. The beam 
is to move at constant velocity for the specified distance. The 
velocity is that specified by the endpoint of the previous segment. 
Process control is typically executed during a CVD segment. 

3. CVT (Constant-Velocity/Time) segment. This is the same as the 
CVD segment* but he segment's duration is specified rather than its 
length. 

4. Stop Segment 113. This segment takes no specifications - it stops the 
stage as quickly as possible. 

"Blast" refers to firing of the laser pulse to sever the links 114. 
25 Furthermore, a "stop" segment terminates motion, preferably as fast as possible. 
Process control and link blowing are most often associated with the constant velocity 
segment. 
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In a preferred system acceleration and velocity profiles are used to 
generate the x, y motion in cooperation with a DSP based servo controller 16. The 
lens translations along the optical axis are coordinated with the x, y motion so that 
the beam waist will be positioned at the target location when the laser is pulsed. 
5 Hence, with the present invention the z coordinate of the beam waist may be 
dynamically adjusted between any two structures on the wafer, including adjacent 
structures arranged in a row (along X or Y direction) on a single die. The 
incremental Z-axis resolution (smallest height difference) for link blowing is 
preferably about . 1 um, for example, with about .05 urn at the limit. 

10 It should be noted that the reference surface may be offset by a fixed 

or variable level from the actual target (link) surface as a result of depositing layers 
(for instance an insulation layer) below the link (for instance). In a preferred system 
a parameter or variable will be included which will offset the beam waist position 
accordingly, either for a reference site or for the entire wafer, depending upon the 

1 5 level of layer thickness control . 

Generating the Laser Pulse 

The laser-processing beam is typically provided by a Q-switched YAG 
laser having a predetermined pulse width, repetition rate, and wavelength as 
disclosed in U.S. Patent No. 5,998,759. Alternatively, a fiber laser using a 

20 semiconductor diode seed laser and a fiber laser may be used to provide improved 
control over the temporal pulse shape, thereby allowing for processing of smaller 
links with less risk of damage to surrounding structures as described in co-pending 
application Serial No. 09/473,926, filed December 28, 1999. In either case a 
control signal 20 is supplied to the laser 1 which generates a pulse in coordination 

25 with the continuous positioning of the wafer and lens. Those skilled in the art will 
recognize the coordination of the laser and motion will most likely be compounded 
by instantaneous or cumulative position error. In a preferred embodiment a 
programmable firing delay is included that adjusts the previously "scheduled" laser 
pulses to compensate for such position errors. The time resolution of such correction 

30 is preferably 25 nanoseconds or less. Preferably, the complete error correction is 
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defined by a "tracking vector" which converts the total position error into a delay. 
This tracking vector can be included with the transformation matrices 45 which are 
operatively connected to the controller for dynamically relating the coordinate 
systems of Figure 5, for instance. 

5 Conclusion 

A primary advantage of the method and. system of the present 
invention can be summarized as a "speed - resolution product" in 3 dimensions - 
where the control system for the wafer movement preferably provides continuous 
movement in 2 directions, and the high precision lens actuator provides smooth, 
10 continuous motion in the third dimension. 

The alignment time is also reduced by estimating a surface that is used 
to define a trajectory. 

■ 

Those skilled in the art will recognize various alternatives for 
trajectory planning, precision positioning of an optical system, and DSP based servo 
15 control techniques and other embodiments. However, the scope of the invention is 
to be limited only by the following claims. 
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WHAT IS CLAIMED IS: 



1. 



A method for precisely positioning a waist of a material 



processing laser beam to dynamically compensate for local variations in height of 
microstmctures located on a plurality of objects spaced apart within a laser- 
5 processing site, the method comprising: 

providing reference data which represents 3-D locations of 
microstmctures to be processed within the site; 

positioning the waist of the laser beam along an optical axis based on 
the reference data; and 
10 positioning the objects in a plane based on the reference data so that 

the waist of the laser beam substantially coincides with the 3-D locations of the 
microstmctures within the site. 

2. The method as claimed in claim 1 wherein the objects are dice 
of a semiconductor wafer. 

15 3. The method as claimed in claim 2 wherein the microstructuies 

are conductive lines of the dice. 

4 . The method as claimed in claim 3 wherein the conductive lines 
are metal lines. 

5. The method as claimed in claim 1 wherein the objects are 
20 semiconductor devices. 

6. The method as claimed in claim 5 wherein the semiconductor 
devices are semiconductor memory devices. 



7. 




semico: 



rdice. 
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8. The method as claimed in claim 2 wherein the step of 
providing includes the step of measuring height of the semiconductor wafer at a 
plurality of locations about the site to obtain reference height data. 

9. The method as claimed in claim 8 wherein the step of 
5 providing further includes the steps of computing a reference surface based on the 

reference height data and generating trajectories for the wafer and the waist of the 
laser beam based on the reference surface. 

10. The method as claimed in claim 9 wherein the reference 
surface is non-planar. 

10 11. The method as claimed in claim 1 further comprising varying 

size of the waist of the laser beam along the optical axis. 

12. The method as claimed in claim 8 wherein the step of 
providing includes the steps of reducing power of the material-processing laser beam 
to obtain a probe laser beam and utilizing the probe laser beam to perform the step 

IS of measuring. 

13. A system for precisely positioning a waist of a material- 
processing laser beam to dynamically compensate for local variations in height of 
microstmctures located on a plurality of objects spaced apart within a laser- 
processing site* the system comprising: 

20 a focusing lens subsystem for focusing a laser beam along an optical 

axis; 

a first actuator for moving the objects in a plane; 

a second actuator for moving the focusing lens subsystem along the 

optical axis; 

25 a first controller for controlling the first actuator based on reference 

data which represents 3-D locations of microstmctures to be processed within the 
site; and 
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a second controller for controlling of the second actuator also based 
on the reference data wherein the first and second actuators controllably move the 
objects and the focusing lens subsystem, respectively, to precisely position the waist 
of the laser beam and the objects so that the waist substantially coincides with the 3- 
5 D locations of the microstructures within the site. 

14. The system as claimed in claim 13 further comprising a 
support for supporting the second actuator and the focusing lens subsystem for 
movement along die optical axis. 

15. The system as claimed in claim 14 further comprising; 

10 a spot size lens subsystem for controlling size of the waist of the laser 

beam; 

a third actuator for moving the spot size lens subsystem wherein the 
support supports the spot lens subsystem and the third actuator for movement along 
the optical axis; and 
15 a third controller for controlling the third actuator. 

16. The system as claimed in claim 13 wherein the first actuator 
is an x-y stage. 

17. The system as claimed in claim 14 wherein the second actuator 
is an air bearing sled for supporting the focusing lens subsystem and mounted for 

20 sliding movement on the support. 

18. The system as claimed in claim 15 wherein the third actuator 
is an air bearing sled for supporting the spot size lens subsystem and mounted for 
sliding movement on the support. 

19. The system as claimed in claim 17 further comprising a voice 
25 coil coupled to the second controller for positioning the air bearing sled along the 

optical axis. 
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20. The system as claimed in claim 13 further comprising a 
position sensor for sensing position of the focusing lens subsystem and providing a 
position feedback signal to the second controller. 

21. The system as claimed in claim 20 wherein the position sensor 
S is a capacitive feedback sensor. 

22. The system as claimed in claim 13 wherein the laser beam is 
a Gaussian laser beam. 

23. The system as claimed in claim 13 wherein the objects are dice* 
of a semiconductor wafer. 

10 24. The system as claimed in claim 23 further comprising a 

trajectory planner coupled to the first and second controllers for generating 
trajectories for the wafer and the waist of the laser beam. 

25. The system as claimed in claim 24 wherein at least one of the 
trajectories has an acceleration/deceleration profile. 

26. The system as claimed in claim 24 further comprising a 
modulator for reducing power of the material-processing laser beam to obtain a 
probe laser beam to measure height of the semiconductor wafer at a plurality of 
locations about the site to obtain reference height data. 

27. The system as claimed in claim 26 further comprising a 
computer for computing a reference surface based on the reference height data and 
wherein the trajectory planner generates the trajectories based on the reference 
surface. 

28. The system as claimed in claim 27 wherein the reference 
surface is non-planar. 

-29- 
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29. A method for precisely positioning a waist of a material- 
processor laser beam to dynamically compensate for local variations in height of 
microstructures spaced apart within a laser-processing site, the microstructures lying 
on a surface which is substantially orthogonal to an optical axis; the method 
comprising: 

providing reference data which represents 3-D locations of 
microstructures to be processed within the site; 

positioning the waist of the laser beam along the optical axis based on 

the reference data; and 

positioning the axis of the laser beam relative to the microstructures 
based on the reference data so that the waist of the laser beam substantially coincides 
with the 3-D locations of the microstructures within the site. 

30. The method of claim 29 where the laser processing site is a 

single die. 

15 31. The method of claim 30 where spacing between the 

microstructures is less than about 5 urn. 

32. The method of claim 29 where microstructures are located on 
a plurality of objects within the laser-processing site. 

20 33. The method of claim 32 wherein the objects are dice on a 

semiconductor wafer. 

34 . The method of claim 29 wherein positioning of the beam waist 
occurs during relative motion between the beam waist and the microstructures. 

35. The method as claimed in claim 32 wherein the objects are 
25 dice on a semiconductor wafer. 

36. The method as claimed in claim 35 wherein the 
microstructures are conductive elements of the dice. 



5 
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37. The method as claimed in claim 36 wherein the conductive 
elements are metal. 

38. The method as claimed in claim 32 wherein the objects are 
semiconductor devices. 

5 39. The method as claimed in claim 38 wherein the semiconductor 

devices are semiconductor memory devices. 

40. The method as claimed in claim 35 wherein the dice are 
semiconductor dice. 

41. The method as claimed in claim 35 wherein the step of 
10 providing includes the step of measuring height of the semiconductor wafer at a 

plurality of locations about the site to obtain reference height data. 

* 

42. The method as claimed in claim 41 wherein the step of 
providing further includes the steps of computing a reference surface based on the 
reference height data and generating trajectories for relative motion of the wafer and 

15 the waist of the laser beam based on the reference surface. 

43. The method of claim 41 wherein the step of measuring 
includes introducing a numerical offset to compensate for a height offset between the 
reference data and the microstructure. 

44. The method as claimed in claim 42 wherein the reference 
20 surface is non-planar. 

45 . The method as claimed in claim 29 further comprising varying 
size of the waist of the laser beam about the optical axis. 
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46. The method as claimed in claim 42 wherein the step of 
providing includes the step of reducing power of the laser beam to obtain a probe 
laser beam and utilizing the probe laser beam to perform the step of measuring. 

47. A system for precisely positioning a waist of a material- 
5 processing laser beam to dynamically compensate for local variations in height of 

microstructures spaced apart within a laser-processing site, the microstructure lying 
on a surface which is substantially orthogonal to an optical axis, the system 
comprising: 

a first optical component for focusing the laser beam along the optical 

10 axis; 

a first actuator for moving the axis of the laser beam relative to the 
microstmctures; 

a second actuator for moving the first optical component along the 

optical axis; 

15 a first controller for controlling the first actuator based on reference 

data which represents 3-D locations of microstmctures to be processed within the 
site; and 

a second controller for controlling of the second actuator also based 
on the reference data wherein the first and second actuators controllably move the 
20 axis of the laser beam relative to the objects and the focusing lens subsystem, 
respectively, to precisely position the axis of the laser beam so that the waist 
substantially coincides with the 3-D locations of the microstructures within the site. 

48. The system of claim 47 wherein the bandwidth of the focusing 
lens positioning sub-system is about 150 hz or greater. 

25 49. The system of claim 47 where the response of the second 

actuator results in controllable movement of the beam waist within about .03 msec 
or less. 

50. The system of claim 47 wherein movement of the focusing lens 
is controllable within the depth of focus of the laser beam. 
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5L The system as claimed in claim 47 wherein the first optical 
component is a focusing lens. 



52. The system as claimed in claim 51 further comprising: 

a second optical component for controlling size of the waist of the 

5 laser beam; 

a third actuator for moving the second optical component along the 

optical axis; and 

a third controller for controlling the third actuator. 



53. The system as claimed in claim 47 wherein the first actuator 



10 is an x-y stage. 

54. The system as claimed in claim 51 wherein the second actuator 
is an air bearing sled. 

55. The system as claimed in claim 52 wherein the third actuator 

■ 

is an air bearing sled. 

15 56. The system as claimed in claim 54 wherein the second 

* 

controller includes a voice coil operatively connected to the air bearing sled. 

57. The system as claimed in claim 47 further comprising a 
position sensor for sensing position of the second actuator and providing a position 
feedback signal to the second controller. 



20 58. The system as claimed in claim 57 wherein die position sensor 

is capacitive feedback sensor. 

59. The system as claimed in claim 47 wherein the laser beam is 
a Gaussian laser beam. 
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60. The system as claimed in claim 47 wherein the objects are dice 
of a semiconductor wafer. 

• i 

61. The system as claimed in claim 60 further comprising a 
trajectory planner coupled to the first and second controllers for generating 

5 trajectories for the wafer and the waist of the laser beam. 

62. The system as claimed in claim 61 wherein at least one of the 
trajectories has an acceleration/deceleration profile. 

63. The system as claimed in claim 61 further comprising a 
modulator for reducing power of the material processing laser beam to obtain a 

10 probe laser beam to measure height of the semiconductor wafer at a plurality of 
locations about the site to obtain reference height data. 

64. The system as claimed in claim 63 further comprising a 
computer for computing a reference surface based on the reference height data and 
wherein the trajectory planner generates the trajectories based on the reference 

15 surface. 

65. The system as claimed in claim 64 wherein the reference 
surface is non-planar. 

66. The system as claimed in claim 47 wherein movement of the 
focusing lens is controllable within one-half of the depth of focus of the laser beam. 

20 67. The system as claimed in claim 47 wherein movement of the 

focusing lens is controllable within 1/10 of the depth of focus of the laser beam. 

68. The method of claim 29 where the spatial size of the beam 
waist is less than 5 urn. 
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